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Summary

Integrins mediate cell adhesion and signal transduction at
focal adhesions. Here we investigate the roles of integrih
subunits in the regulation of actin cytoskeletal structure
and the activities of Rho and Rac. The overexpression of
B3 integrin in Chinese hamster ovary cells enhances
Rho activity and stress fiber formation, whereas the
overexpression off31 integrin increases Rac activity and
lamellipodia formation. The overexpression of a mutanf1-
3-1 integrin, in which the extracellular I-domain-like
sequence ofPl integrin has been replaced with the

corresponding sequence o83 integrin, also enhances Rho
activity and the formation of stress fibers. Our results
demonstrate thatB1 and 33 integrins differentially regulate
the activities of Rho family GTPases and that the
extracellular domains of integrin 3 subunits play a critical
role in transducing the extracellular ligand-binding
information into specific intracellular signaling events.

Key words: Integrin, Extracellular domain, Small GTPase, Signal
transduction

Introduction

specificity is altered from that @fL integrin tof33 integrin, and

Integrins are a family of transmembrane adhesion receptof8e integrin B1-3-1 recognizes theB3 integrin ligands
that mediate both the attachment of cells to the extracelluldirinogen and vitronectin (Takagi et al., 1997). However, the
matrix (ECM) and the interaction between cells. Integrinfoles of differentp subunits, especially their extracellular
mediated adhesion regulates many cellular functions such g8emains, in integrin-mediated signal transduction are not well
proliferation, differentiation, migration and apoptosis (Hynesunderstood.

1992; Clark and Brugge 1995; Longhurst and Jennings 1998). Rho family GTPases (Rho, Rac and Cdc42), which function

Each integrin molecule is a heterodimer comprigingnd 3
subunits. It has been suggested that diffemeand 3 subunits

as binary switches that cycle between an active GTP-bound
form and an inactive GDP-bound form, have distinct functions

may regulate distinct intracellular signaling events througtin regulating the actin-based cytoskeletal structure (Ridley and
their specific domains. After binding with its ligand, the Hall 1992; Ridley et al., 1992; Van Aelst and D’Souza-Schorey

cytoplasmic domain of integrifd subunits interacts with focal

1997). Rho increases cell contractility, focal adhesions and

adhesion proteins, causing the activation of focal adhesioactin stress fibers (Ridley and Hall 1992; Hotchin and Hall
kinase and Src (Solowska et al., 1989; Hayashi et al., 1990995), and Rac induces lamellipodia formation and membrane
Reszka et al., 1992). The transmembrane and extracellulasffles, as well as wavy, loose bundles of actin filaments in the
domains ofa subunits are important for the recruitment of periphery (Ridley and Hall 1992; Ridley et al., 1992; Rottner
signaling molecules such as Shc to integrins (Wary et algt al., 1999; Small et al., 1999). Recent studies have suggested
1996). The presence of an I-domain-like structure within théhat integrins can activate Cdc42, Rac and Rho (Hotchin and
B1, B2 and B3 subunits is critical for ligand binding and Hall 1995; Clark et al., 1998; Price et al., 1998; Ren et al.,
regulation (Loftus et al.,, 1994; Bajt et al., 1995; Puzon-1999). Fibroblasts plated on fibronectin exhibit an early
McLaughlin and Takada 1996; Tozer et al., 1996; Takada et ahgtivation of Cdc42 and Rac and a delayed activation of Rho
1997). When the sequence CTSEQNC (residues 187-193) (Rrice et al., 1998; Ren et al., 1999), suggesting that Cdc42/Rac

the extracellular I-domain-like structure @1 integrin is
replaced with the corresponding CYDMKTTC sequencg3of
integrin to create a mutanfl-3-1 integrin, the ligand

and Rho may be regulated through different pathways.
However, the molecular basis of the differential activation of
Rho family GTPases is not clearly understood.
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Here we showed that the overexpressionf8fintegrin  fibronectin for different durations in the absence of serum, the Rho-
enhanced Rho activity and stress fiber formation, whereas thding domain (RBD) from Rho effector Rhotekin and the p21-
overexpression of3l integrin increased Rac activity and binding domain (PBD) from PAK were purified as GST fusion
lamellipodia formation. The overexpression of a mufdns- proteins. For the Rho activity assay, the cells were lysed with a high
1 integrin, in which the extracellular I-domain-like sequencesa'tiEr:qpﬁ‘e%‘if;i;]éf’eﬁemg' 11;/:3;;% 5pg|07r{12|\}| ﬁg&”tloé‘ ;1(&/}(:\2@1%5%
O; B]é'metg”n haSIbeen rﬁplacijd Ig%the th.)r.rtespor&dlntg Seql#gg?/jml leupeptin, 1 mM orthovanadate and 1 mM PMSF) and
of f Integrin, aiso enhance 0 aclivity ‘and Slress Tibe entrifuged at 13,009 at 4°C for 10 minutes. The cell lysates were
formation. These results suggest that the extracellular domaifighated with 2qug GST-RBD beads for 45 minutes at 4°C. The
of 1 andP3 integrins play differential roles in transducing the activated Rho was detected by immunoblotting using a monoclonal
extracellular stimuli to result in the specific regulation of Racanti-RhoA antibody (Santa Cruz Biotechnology, Santa Cruz, CA). For
and Rho activities. Rac activity assay, the cells were lysed in a buffer containing 50 mM

Tris-HCI pH 7.0, 0.5% NP-40, 500 mM NaCl, 5 mM MgCb%

glycerol, 10pg/ml leupeptin, 1 mM orthovanadate and 1 mM PMSF.
Materials and Methods GST-PBD beads were used for affinity precipitation assays, and the
Cell culture and transfection activated Rac was detected by immunoblotting using an anti-Racl

The Cell culture reagents were obtained from GIBCO BRL (Gran(?m'boqy (Transgiu_ctlon Laboratory).. In the inhibition experlment, the
Island, New York, USA). Chinese hamster ovary (CHO) cells werd’! 3-kinase inhibitor LY294002 (Sigma) was addedBiocells in
cultured in Dulbecco’s modified Eagle’s medium (DMEM) Suspension for 30 minutes before seeding the cells on fibronectin.
supplemented with 10% fetal bovine serum, 1% penicillin/
streptomycin, L-glutamine and non-essential amino acids. All cel . -
cultures were maintained in a humidified 5% #95% air incubator IDI 3-kinase act|V|t_y assay o
at 37C. Cells were lysed in a buffer containing 50 mM HEPES, pH 7.5, 1%
The methods of transfection of CHO cells to generate singl&P-40, 10% glycerol, 150 mM NaCl, 1.5 mM Mg(1.0 mM EDTA,
transfectants expressing hunfiin 33 andp1-3-1 integrins have been mM NaP207, 100 mM NaF, 1 mM PMSF, 1 mM N&Os,
previously described (Takagi et al., 1997). The parent CHO cells dig0ug/ml leupeptin and 1@/ml aprotinin. The supernatant containing
not express endogenos integrin (Ylanne et al., 1993). Hum@, 500ug protein was immunoprecipitated by using an anti-PI 3-kinase
B3 orB1-3-1 integrin cDNA in pBJ-1 vector was co-transfected with P82 polyclonal antibody (Santa Cruz Biotechnology). After washing,
pFneo into CHO cellsp1-3-1 integrin is a mutant in which the the beads were resus.pen.dedllmﬁﬁf the kinase puffer containing
sequence CTSEQNC (residues 187-193) in the extracellular -2 mg/mlof phosphatidylinositol, 20M ATP, 20uCi of [y-P] ATP,
domain-like structure of Bl integrin is replaced with the @and 20 mM MgCl. The sample was extracted once with 160
corresponding CYDMKTTC sequencef8 integrin. The transfected Methanol-chloroform (1:1) and twice with 2@0 chloroform. The
cells were then selected with G418. After selecginf3 andpl-3-  combined organic phase was washed once with2@d 1M HCI-
1 cells were cultured in the presence of G418 atygitl in CHO methanol (1:1). Phosphatldyllnosn_ol was recovered from the organic
cell culture medium. The expressgihtegrins were detected at focal Phase by evaporation, suspended ipitiéhloroform and analyzed by
adhesions in each cell line (Takagi et al., 1997). The expression levdfin layer chromatography (TLC) on a Silica gel 60 TLC plate (VWR,
of humanBL integrin onB1 cells and31-3-1 integrin orp1-3-1 cells Willard, OH) (Whitman et al., 1988). The products were visualized
were analyzed by flow cytometry using an anti-hurBanintegrin by ..autorad.lography. To detect the amounts of |r_nmunopre0|p|tated Pl
antibody (AlIB2).1 andi-3-1 cell lines with equivalent expression 3-Kinase in each sample, 20Qg of protein lysates were
level of B1 or B1-3-1 integrins were used in our experiments. Thelmmunoprecipitated by using an anti-Pl 3-kinase p85 polyclonal
expression level o83 integrin was not directly comparable with that @ntibody, and the immunoprecipitated complexes were separated by
of B1 integrin, owing to the different affinities of antibodies againstSDS-polyacrylamide gel electrophoresis (PAGE). The amount of Pl
B1 andp3 integrins. 3-kinase p85 was detected by the anti-PI 3-kinase p85 polyclonal
For all experiments, culture dishes or slides were coated witRntibody.
fibronectin (2.51g/cn®) or fibrinogen (Gug/cn?) for 2 hours, and the
non-specific binding sites were blocked with 0.2% bovine Serum, .« vinase activity assay

albumin (BSA) (Calbiochem). - ; ) o
Cells were lysed in a kinase lysis buffer containing 25 mM HEPES,
pH 7.4, 0.5 M NaCl, 5 mM EDTA, 50 mM NaF, 1 mM N&D4, 1
Actin staining and confocal microscopy mM PMSF and 2 mM BGP. JNK was immunoprecipitated by using
Cells were plated on coverslips that had been coated with either 285 polyclonal anti-JNK1 antibody (Santa Cruz Biotechnology) and
pg/en? fibronectin or 5.Qug/cn fibrinogen for 4 hours in serum-free protein A-Sepharose beads (Sigma). The immunocomplexes were
DMEM. The plated cells were fixed in 3% paraformaldehyde inincubated in 3Qul kinase buffer containing 25 mM HEPES, pH 7.4,
phosphate buffer saline (PBS) for 30 minutes and permeabilized wi0 mM MgCh, 1 mM PMSF, 10ug/ml leupeptin, 20 mMpB-
0.5% Triton X-100 in PBS for 15 minutes. The specimens were theglycerophosphate, 1 mM Bé04and 2 mM DTT, Zug of glutathione
incubated with FITC-conjugated phalloidin (5 U/ml, Molecular S-transferase (GST-c-Jun-1-79) fusion protein,u@d [y-32P] ATP
Probes, Eugene, OR) for 1 hour, and the resulting actin staining wagd 25uM ATP at 30°C for 20 minutes. The reactions were stopped
observed under a confocal microscopy system (MRC-1024, Bio-Raddy the addition of a SDS sample buffer. The phosphorylated proteins
Hercules, CA). were separated by SDS-PAGE and visualized by autoradiography.

Rho and Rac activities assay Adhesion and detachment assays

The activities of Rho and Rac were measured by the recentljhe adhesion assay was performed as previously described (Takagi et
developed affinity-precipitation assays on the basis of the specifial., 1997). Briefly, 96-well Immulon-2 microtiter plates (Dynatech
interaction of the activated Rho family GTPases with theirLaboratories, Chantilly, VA) were coated with 2i§/cne fibronectin
downstream effectors (Ren et al., 1999; del Pozo et al., 2000). Brieflyy 100 pul of PBS and incubated for 1 hour at 37°C. The remaining
after the cells had been passed onto culture dishes coated wijilotein binding sites were blocked by incubating with 0.2% BSA for



Regulation of Rho GTPases by (31 and (33 integrins 2201

1 hour at room temperature. Cells (L8* cells/well) in 100ul of
DMEM were added to the wells and incubated at 37°C for 5 minult
After removing the non-bound cells by rinsing the wells with the sai
buffer, the bound cells were quantified by measuring the endoger
phosphatase activity (Prater et al., 1991).

The detachment assay was used to detect the strength of
substrate adhesion, which was quantified by calculating
percentage of cells removed by well-defined shear flow. Cells w
seeded on a fibronectin-coated (@gBcn?) glass slide and incubated
at 37°C for 4 hours to allow the establishment of cell-substr:
adhesion. The glass slide was then assembled into a parallel plate
chamber (Hochmuth et al., 1973), and the cells were subjected
dislodging shear stress of 250 dynfdior 10 minutes. The numbers
of cells before and after the application of the shear flow was cour
in the same field of view from videotaped images. The results w
expressed as the percentage of cells detached after the applicati
the shear flow.

Results

Changes in cell morphology that accompany cell
spreading on fibronectin or fibrinogen

To test whether thg3 subunits regulate cell morphology G

differentially, we compared the cell morphology and act — 1%0:5

organization among control CH@1, B3 andp1-3-1 cells. & 3 CHO cell

Serum (0.5%)-starved CH@B1, B3 and31-3-1 cells were @ 100:5 p1 cell *

plated on glass slides coated with fibronectin, which is a lige § (3 cell ;.f/
for both B1 and B3 integrins, in serum-free DMEM. This 7 894 m $1-3-1 cell %
serum-free condition avoids the potential crosstalk betwe $ 5 %
integrin- and growth-factor-receptor-mediated signalir 43 ’ %
(Borges et al., 2000). Actin staining indicated the presence & 40 . %
lamellipodia and wavy, loose bundles of actin filaments in t ';' %
periphery of CHO anfi1 cells (Figs. 1A,B). AlthougB3 cells o 20 | %
also showed lamellipodia, they differed from the CHO ghd ‘g %
cells in having a larger amount of typical stress fibers (Fig. 1 © 0 /
The morphology of31-3-1 cells on fibronectin (Fig. 1D) was 4hr 16hr
similar to that of33, rather than being likgl cells. As shown Adhesion time

in Fig. 1G, the percentage B8 andf1-3-1 cells with central _ o

typical stress fibers is significantly higher than those of CH(i9- 1. Morphological changes in different types of CHO cells after
and 1 cells after 4 and 16 hours of adhesion on fibronectirplating on fibronectin and fibrinogen. CHO (48}, (B), B3 (C) and

To prove that the change of extracellular | domain, rather thap->: 1 (D) cells were plated for 4 hours on slides coated with

. . . ibronectin.f3 (E) and31-3-1 (F) cells were also plated for 4 hours
the expression level of humgnintegrins, was the reason for on slides coated with fibrinogen. Staining of actin was observed by

morphological differences betwedl andp1-3-1 cells, the  ontocal microscopy. In G, the percentage of cells with central stress
expression level of humai integrin was measured by flow fipers was determined in CH@Z, B3 andp1-3-1 cells seeded on
cytometry using an anti-humgBl integrin antibody. Mean fibronectin-coated slides for 2, 4 and 16 hours. Error bars represent
fluorescence intensities f@1 andp1-3-1 cells were 61 and standard deviations from three separate experimeRt(©5
59, respectively. Taken together, these results suggefi3hat compared with CHO cells).
integrin preferentially induces stress fiber formation and that
the extracellular I-domain-like structuresintegrins, rather
than their cytoplasmic domains, are responsible for th81 and B3 integrins differentially regulate Rho and Rac
adhesion-induced morphological difference betwgdeandd3  activities to cause the different actin organization
cells. To investigate whethefl and B3 integrins differentially

To further test the roles bl and (33 subunits in the regulate Rho and Rac activities to cause the different actin
formation of lamellipodia and stress fibers, CH®, 33 and  organization, suspended CH@1, B3 andp1-3-1 cells were
[1-3-1 cells were plated on coverslips coated with fibrinogerplated on fibronectin-coated culture dishes in serum-free
which binds only td33 but not top1 integrin. As expected, DMEM for various lengths of time. RhoA activity was detected
CHO andf1 cells did not attach to the fibrinogen-coatedby RBD of Rhotekin and pull-down assays (Ren et al., 1999).
coverslips because CHO cells did not express endog@3ous As shown in Fig. 2, the level of RhoA activity in the CHO (Fig.
subunit (Ylanne et al., 199333 (Fig. 1E) andB1-3-1  2A)andpl (Fig. 2B) cells plated on fibronectin was lower than
(Fig. 1F) cells plated on fibrinogen had a comparable level ahat in suspension, and this decrease remained significant for
stress fiber formation to when these cells were plated oat least 4 hour$&0.05). In contrast, the level of RhoA activity
fibronectin. in B3 (Fig. 2C) and31-3-1 cells (Fig. 2D), following an initial
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Fig. 2. Regulation of Rho activity by cell adhesion to fibronectin.
After starvation of cells in 0.5% serum for 20 hours, CHO [4),

(B), B3 (C) and31-3-1 (D) cells were trypsinized and kept in
suspension in DMEM for 1 hour and then plated on culture dishes
coated with fibronectin for various durations in the absence of
serum. The amount of activated RhoA was determined by RBD
pull down assay. The top panels in A-D show RBD-bound RhoA
from cell lysates. The bottom immunoblot shows RhoA in whole

ey
L4+

Relative Rho Activity
(=] (=]
= o

cell lysates. For each cell type, the results of densitometric analysis 0 H—
of RBD-bound RhoA were normalized by the RhoA in whole cell L Qz’\ %‘5 o
lysates and plotted as a ratio of the results (meanzs.d. from three o Qz"

experiments). Asterisks indicate significant differeriee0(05)
from the ratio of 1. (E) RhoA activities of CHP1, 33 andB1-3-1 cells in suspension, normalized for whole cell lysates and expressed as a
ratio to CHO cells (meanzs.d. from three experiments). There was no significant difference among the four groups of pefisionsus

decrease in the early phase of adhesion, rose to become aatl pull down assays (del Pozo et al., 2000). In contrast to Rho
significantly different from the level in suspension after 1 houactivity, the level of Racl activity (Fig. 3A) was higher in CHO
of adhesion®>0.30). We did not detect any difference in Rhoand 31 cells after 4 hours of adhesion, suggesting fiat
activity among CHOf1, 3 andf31-3-1 cells in suspension integrin preferentially increases Rac activity. Again, there is no
(Fig. 2E). These results suggest tRatintegrin preferentially  significant difference in Rac activity among different types of
promoted the increase of Rho activity of adhered cells to theells in suspension (Fig. 3B).
level seen in suspended cells and that the extracellular I-
domain-like structure 83 integrin is important for this effect
on Rho activity. Overexpression of B1 integrin causes adhesion

To examine whether expression @3 integrin and induction of Pl 3-kinase and JNK activities
overexpression 31 integrin affect Rac activity, we used PBD Rac is known to be activated by Pl 3-kinase and to stimulate a
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A n activation of Pl 3-kinase and Rac and that this signaling
X A o A process is regulated by the extracellular I-domain-like structure
o RR R of the 31 subunit.

Adhesion and detachment assays

Two approaches were used to quantify cell adhesion. First, we
&£ 20 B studied the efficiency of cell attachment to a fibronectin-coated
o substrate. This adhesion assay provides a very gentle removal
of non-adherent cells. We detected no significant differences in
the number of bound cells in different cell lines (Fig. 5A). In
the second approach, we applied a dislodging shear stress (250
dyn/cn?) to the cells, which had established matured cell-
substrate adhesion to test the strength of adhesion. As shown
in Fig. 5B, we did not detect any significant difference in the
number of detached cells in different cell lines. These results
suggest that the different phenotypegdfandp3 cells were

ac Activity

Relative

B o o not caused by the differences in cell adhesion.
AN
+PBD = s e e <« Racl Discussion
1.6 1 Although it has been shown that cell adhesion on fibronectin

mediates the activity of Rho GTPases (Hotchin and Hall 1995;
Clark et al., 1998; Price et al., 1998; Ren et al., 1999), the
integrins involved in this regulation have not been elucidated.
Here we have shown that expressionBafintegrin in CHO
cells enhanced Rho activity and stress fiber formation, whereas
overexpression dBl integrin increased Rac/JNK activity and
lamellipodia formation (Figs 1-4). These results suggest, for
the first time, that different integrins may differentially regulate
Rho and Rac activities to induce different cellular responses.
The activities of Rho and Rac in different types of cells in
"PED b G @@ < Racl suspension were not significantly different, indicating that the
. . o . . . differential regulation of Rho and Rac activities is adhesion
Fig. 3. Regulation of Rac1l activity by cell adhesion to fibronectin. :
Og% serl?m-starved CH@1, B3 a)rlwdgl-&l cells were detached depende_nt. The dl]‘ferent phgnotypeﬁbfar]dBS c_ells cannc_)t
and kept in suspension in DMEM for 1 hour and then either plated b€ explained by differences in cell adhesion, since we did not
on fibronectin-coated dishes for 4 hours (A) or used as suspension detect any significant difference in cell adhesion between these
controls (B). Rac1 activity was determined by a PBD assay followedcells by using adhesion and detachment assays (Fig. 5). Our
by immunoblotting with an anti-Rac1 antibody. The bottom experiments were performed by using CHO cells, which
immunoblot shows Racl in whole cell lysates. The amount of normally expresg1 but notB3 integrin (Ylanne et al., 1993;
activated Racl was normalized by the amount of Rac1 in whole Ce”Takagi et al., 1997). The transfecf@dubunits were associated
lysates. The bar graphs are densitometric analyses osidaffom  yith the various endogenows subunits in CHO cells (Y.T.,
g%i?;&%fgfoegg)eém”ts' ghetﬁsct:eégk '”I?'Cates significant unpublished). Since different cell types may have different
' paredwi cels. combinations of integrins and signaling molecules, it is not
clear whether our conclusion can be generalized to other cell
kinase cascade leading to the subsequent activation of JNpes. Interestingly, we found that endothelial cells on collagen
(Coso et al., 1995; Minden et al., 1995; Kiyono et al., 1999had more lamellipodia than those on fibrinogen (H.M. and
To test whether overexpressionfif integrin can enhance the S.C., unpublished), which is consistent with our observation in
activation of PI 3-kinase and JNK, we examined Pl 3-kinas€HO cells.
and JNK activities after plating cells on fibronectin for 4 hours. The I-domain-like structure within th@l, 32 and (33
The activation of PI 3-kinase (Fig. 4A) was highefincells  subunits has been reported to have components critical for
than that in CHOR3 andf1-3-1 cells. To test the relationship ligand binding and regulation (Loftus et al., 1994; Bajt et al.,
between PI 3-kinase and Rac in this system, the specific Pl 3995; Puzon-McLaughlin and Takada 1996; Tozer et al., 1996;
kinase inhibitor LY294002 was added t@®Hh cell suspension Takada et al., 1997). The CHO cells that express hgh1
30 minutes before seeding the cells on fibronectin. Inhibitiod integrin provided a cell system that was ideally suited to
of PI 3-kinase with LY294002 blocked Rac activityfih cells  evaluate the role of the extracellular I-domain-like structure of
(Fig. 4B), suggesting that Pl 3-kinase is involved in thethe integrinf3 subunits in integrin-mediated changes in cell
activation of Racl in this system. Consistent with the activatiomorphology and Rho family GTPase activity. Expression of a
of Pl 3-kinase and Racl, JNK kinase activityBihcells was mutantf1-3-1 integrin enhanced Rho activity and stress fibers
higher than that in CH@31 andf1-3-1 cells (Fig. 4C). These so that there was higher activity than there wdilicells, that
results suggest thgil integrin activates JNK through the is, this resulted in the same phenotyp@asather than being
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like B1 cells. Since both the expression levepafandf31-3-
1 integrins and the adhesion forcedfandp1-3-1 cells were

Fig. 4.Regulation of PI 3-kinase and JNK activities by cell adhesion to
fibronectin, and the effect of Pl 3-kinase inhibitor on the adhesion
induction of Rac1l activation. 0.5% serum-starved CBIOB3 and

1-3-1 cells were detached and kept in suspension in DMEM for 1
hour and then plated on fibronectin-coated dishes for 4 hours. In A,
cell lysates from the various samples following adhesion to fibronectin
were immunoprecipitated with anti-P| 3-kinase p85 antibody followed
by the PI 3-kinase activity assay. Shown at the bottom is the amount of
PI 3-kinase p85 immunoprecipitated from 2@Pcell lysates,

indicating that comparable amounts of PI 3-kinase p85 were
immunoprecipitated in these samples. (B) The effect of a Pl 3-kinase
inhibitor, LY294002, on adhesion induction of Racl activity is shown
in the top panel. The bottom immunoblot shows Rac1 in whole cell
lysates. The amount of activated Racl was normalized by the amount
of Racl in whole cell lysates. (C) The top panel shows JNK kinase
activity using GST-c-Jun as the substrate, and the bottom panel is the
immunoblot using anti-JNK1, which indicates equal loading. The bar
graphs in A-C are the densitometric analyses, representing the
mearts.d. of three separate experiments. The asterisks in A and C
indicate significant differenceB<0.05) compared with CHO cells,

and the asterisk in B indicates a significant differeRe®.05)

compared with cells without the PI 3-kinase inhibitor.
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Fig. 5. Attachment and detachment of cells on fibronectin. (A) Cells
were seeded on fibronectin-coated wells and the percentage of bound
cells was quantified by the adhesion assay described in the Materials
and Methods. (B) Cells were seeded on fibronectin-coated slides and
then subjected to a dislodging shear stress of 250 dynidra

percentage of detached cells was quantified. Bars represent

similar, our findings indicate that the extracellullar 1-domain-meas.d. of three separate experiments.

like structures of the integrid subunits play an important role

in B1- and B3-integrin-mediated increases of Rho and Ramn the extracellular domains @f subunits may change the
activities. The molecular mechanisms involved in theconformation of the integrins, thus affecting the recruitment of

differential regulation of Rho and Rac B¢ andp3 integrins

signaling molecules at focal adhesions and the anchorage of

are not known. One possibility is that different ligand bindingthe cytoskeleton.
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There are many possible mediators for the differential beta 2, CD11a/CD18) and MAC-1 (alpha M beta 2, CD11b/COIL®jiol.
modulation of Rho and Rac activities by integrins. Tyrosine Chem 270, 94-98.

; rges, E., Jan, Y. and Ruoslahti, E(2000). Platelet-derived growth factor
phOSphorylatlon has been shown to regmate Rho and Rgereceptor beta and vascular endothelial growth factor receptor 2 bind to the

activities (for a re\_/iew' sqe KonIer a,nd Hall 1999)’ but we ,did beta 3 integrin through its extracellular domainBiol. Chem275 39867-

not detect significant difference in the level of tyrosine 39873.

phosphorylation in CHOB1, B3 andB1-3-1 cells (H.M. and  Clark, E. A. and Brugge, J. S.(1995). Integrins and signal transduction

S.C., unpublished). Our data indicate that PI 3-kinase mediatespakthVE"afi t}g_e foa\‘/?/ t"éKEEBC'e”CGQia 533:39- . and 1 .
PR - Clark, E. A., King, W. G., Brugge, J. S., Symons, M. and Hynes, R. O.

the e'?hanc.eme.”t of Rac aCt.IVIty induced t.)y the OverEXpre.S.SI (1998). Integrin-mediated signals regulated by members of the rho family

of B1 integrin (F!g: 4). PI 3-kinase could splmqlate_Rac activity of GTpases). Cell Biol. 142, 573-586.
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